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Abstract: This research was an attempt to study the effect of heavy metals lead and cadmium (0.05 mM and 0.3 mM) on growth and
antioxidant enzymes of seedlings of 2 mung bean genotypes (NM 19-19 and Azri mung-2006). Results revealed that germination
percentage and seedling length decreased when compared with the control for both genotypes. However, seedling length and
germination percentage was better in NM 19-19 as compared to Azri mung-2006. Elevated levels of protein were observed under metal
stress in both genotypes. Heavy metals induced oxidative stress in plants, causing membrane injury as observed by enhanced level of
malondialdehyde (MDA) contents. Increase in antioxidant enzymes activity was detected for guaiacol peroxidase (GPX) and catalase
(CAT). However, ascorbate (APX) activity decreased under stress for both genotypes. We observed more MDA content and GPX and
APX activity in Azri mung-2006 as compared to NM 19-19 when high concentrations of Pb and Cd were added. This revealed that NM
19-19 was tolerant whereas Azri mung-2006 was sensitive to Pb and Cd. It was further noticed that Cd imposed a more deleterious effect
than Pb on both genotypes.
Key words: Ascorbate peroxidase, cadmium, catalase, guaiacol peroxidase, lead, malondialdehyde

1. Introduction
Human activities such as industrial production, mining,
agriculture, and transportation release high amounts of
heavy metals, which pollute agricultural land in developed
as well as developing countries. These metals get absorbed
by the root system and accumulate in different parts of
plants, which adversely affects growth and metabolism.
Thus, they enter into the food chain (Dey et al., 2007).
Among different heavy metals, cadmium and lead are the
most hazardous pollutants, released in the environment
from various sources of modern human activities (Sanita
di Toppi and Gabbrielli, 1999). These activities can pose
serious health issues for humans and other living organisms.
Pb and Cd are present in various types of fertilizers and
different waste waters, which are toxic even at very low
concentration (Sheppard et al., 2009). Many heavy metal
ions, except for Hg, Ar, Cd, and Pb (Salt et al., 1995), play
essential roles in various physiological processes when
present in trace amounts. However, problems arise when
their amount increases, which leads to cellular damage
by producing reactive oxygen species (ROS) (Namjooyan
et al., 2012), stunted growth, and disturbances in
physiological and metabolic processes (Schützendübel
and Polle, 2002). This suggests that the metal toxicity is
* Correspondence: simeenm@uok.edu.pk

due to oxidative damage (Ganesh et al., 2008). Bhardwaj et
al. (2009) reported low germination percentage, decreased
growth, and decreased total soluble sugar in Phaseolus
vulgaris when treated with Cd and Pb. They also reported
increased lipid peroxidation in a concentration-dependent
manner. Continuous intoxication with heavy metals
seems to be the major problem that results in most of the
morphologic-physiological anomalies as well as genetic
anomalies in plants (Cvetanovska et al., 2010). It has been
suggested that growth inhibition by Cd is due to a direct
effect of Cd on the nucleus, or due to interaction of Cd
with hormones. In the aerial parts of plants, it is due to
inhibition of photosynthesis (Laspina et al., 2005).
Plants have antioxidant enzymes to scavenge the toxic
effects of ROS that are produced under metal stress. These
mainly include guaiacol peroxidase (GPX), ascorbate
peroxidase (APX), and catalase (CAT). These antioxidant
enzymes are responsible for keeping the balance between
ROS production and destruction. Cvetanovska et al.
(2010) observed increased activity of catalase in tobacco
when exposed to Cd and Pb. Similarly, Bhardwaj et al.
(2009) reported that the activity of GPX was increased in
Phaseolus vulgaris when the concentration of Pb and Cd
was increased.
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Mung bean is a very popular pulse crop in Asian
countries, including Pakistan, due to which it was selected
for the present study. The current research was an attempt
to understand the effect of Pb and Cd on growth and
on antioxidant enzymes of 2 genotypes of mung bean.
The effect of Pb and Cd on metal tolerance and the
detoxification strategy adopted by mung bean genotypes
was also studied.
2. Materials and methods
Seeds of mung bean genotypes NM 19-19 and Azri mung2006 were randomly selected from 2 different research
stations for this research. NM 19-19 was obtained from
the Pakistan Agriculture Research Council, Islamabad,
Pakistan, and Azri mung-2006 was obtained from the Arid
Zone Research Institute, Bhakkar, Pakistan. Seeds were
sterilized in 1% sodium hypochlorite solution for 5 min,
rinsed 3 times with distilled water (d/w), and imbibed in
d/w for 12 h. Ten healthy and uniformly sized seeds were
selected and sown in petri dishes lined with 2 layers of filter
paper. The filter papers were moistened with d/w or metal
solutions [T0 = d/w (control), T1 = 0.05 mM lead acetate,
T2 = 0.3 mM lead acetate, T3 = 0.05 mM cadmium acetate,
T4 = 0.3 mM cadmium acetate]. The concentrations of
these metal solutions were kept according to the work
done by Shan et al. (2009). Germination percentage was
calculated after 24 h of treatment and seedling length was
recorded at 24 h, 72 h, and 96 h. This was done to observe
the difference in reduction in seedling length during
growth. The comparison was done with the control group.
Similarly, seedling growth of Vigna mungo (L.) at 24 h, 48
h, and 72 h under zinc and copper stress was studied by
Solanki et al. (2011), and Kaur et al. (2012a) studied the
effect of Pb ions on the seedling growth of wheat after 24,
72, and 120 h of treatment. Seedlings were harvested after
96 h and stored at 4 °C for biochemical analysis.
2.1. Estimation of proteins
Total proteins were estimated by the method of Lowry
et al. (1951) at 750 nm against a reagent blank and using
bovine serum albumin as a standard.
2.2 Estimation of lipid peroxidation
Lipid peroxidation was determined by measuring
malondialdehyde (MDA) contents, which is a
decomposition product of peroxidized polyunsaturated
fatty acid components of membrane lipids. MDA content
was estimated by the method of Heath and Packer (1968).
Seedlings (0.2 g) were homogenized by the addition of
1 mL of 5% trichloroacetic acid (TCA) using a chilled
mortar and pestle, and were then centrifuged at 12,000
rpm for 15 min at room temperature. The supernatant was
saved. The reaction mixture was composed of 500 µL of
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supernatant and 2 mL of 0.5% thiobarbituric acid in 20%
TCA solution, incubated at 96 °C for 25 min. The mixture
was then transferred to an ice bath and centrifuged at
2000 rpm for 10 min. Absorbance was recorded at 532
nm and corrected for specific turbidity by subtracting the
absorbance at 600 nm. MDA content was determined by
using the extinction coefficient of 155 mM–1 cm–1.
2.3. Extraction and estimation of antioxidant enzymes
Extraction of antioxidant enzymes was performed by
the method of Jiang and Huang (2001). Seedlings (0.2
g) were homogenized in cold 50 mM Na3PO4 buffer (pH
7.0) containing 1% w/v polyvinylpyrrolidone and 0.2
mM ascorbic acid with a chilled mortar and pestle. The
extract was then centrifuged at 10,000 rpm for 30 min and
the supernatant was saved for estimation of antioxidant
enzymes.
The activity of GPX was measured by the method of
Everse et al. (1994). The reaction mixture was composed
of 50 µL of supernatant, 50 µL of d/w, 3.75 mL of sodium
phosphate buffer, 100 µL of H2O2, and 100 µL of guaiacol.
The reaction mixture was incubated for 8 min at room
temperature. Absorbance was noted at 470 nm against
the reagent blank. Specific activity was calculated with an
extinction coefficient of 26.6 mM–1 cm–1.
APX was measured by the method of Nakano and
Asada (1981), by taking 0.25 mL of sodium phosphate
buffer, 0.25 mL of EDTA, 0.25 mL of ascorbic acid, and 150
µL supernatant. After adding H2O2, the reaction started
and the increase in absorbance was taken at 290 nm for
2 min. Specific activity was calculated with an extinction
coefficient value of 2.8 mM–1 cm–1.
CAT was estimated by the method of Aebi (1984),
where the final volume of 3 mL was made by adding 250
µL d/W, 2.5 mL of potassium phosphate buffer, and 50 µL
of supernatant. The reaction was initiated by the addition
of 200 µL of H2O2. Enzyme activity was determined
by following the degradation of H2O2 at 240 nm for 2
min. Specific activity was calculated with an extinction
coefficient of 40 mM–1 cm–1.
2.4. Statistical analysis
The experiment was conducted in 2 factorials in a
completely randomized design with 3 replications,
considering genotypes as factor A and metal treatments as
factor B. Analysis of variance (ANOVA) for all parameters
was performed through SPSS 11. Mean comparison was
made by Duncan’s multiple range test at the P < 0.05 level
of significance (Steel and Torrie, 1980). Standard errors
were represented as vertical bars, which were the mean
of 3 values (n = 3), and similar letters in figures represent
nonsignificant differences among the treatments within
each genotype.
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3. Results
3.1. Germination percentage
Table 1 showed that there was significant difference
between genotypes and treatments, and their interactions
for germination percentages. There was a nonsignificant
difference in germination percentage for NM 19-19 at all
treatments as there was in 100% germination (Figure 1).
However, in Azri mung-2006, germination percentage was
significantly reduced by increasing metal concentration.
3.2. Seedling length
Table 2 demonstrates that at 24 h there was a significant
difference in genotypes. However, a nonsignificant
difference was observed at 72 h and 96 h with respect to
seedling length. Treatments were significantly different at
all time intervals. However, there was a highly significant
interaction at 96 h. Figure 2 demonstrates that Pb and Cd
application reduced the seedling length in a concentrationdependent manner. Inhibition in seedling length was
more prominent in Azri mung-2006 as compared to NM

19-19. On the other hand, Cd showed more deleterious
effects than Pb, as T4 (0.3 mM Cd) possessed the highest
inhibition of seedling length for both genotypes.

Table 1. Mean squares for germination percentage of 2 mung
bean genotypes, NM 19-19 and Azri mung-2006, after Pb and
Cd stress.

Table 2. Mean squares for seedling length of mung bean
genotypes NM 19-19 and Azri mung-2006, harvested at different
time intervals after Pb and Cd stress.

SV

df

MS

Genotype (A)

1

1116.30

Treatment (B)

4

A×B
Error

3.3. Total soluble proteins
ANOVA showed that genotypes, treatments, and
interactions possessed highly significant differences (Table
3). Both metals caused promotion in protein content
for NM 19-19 (Figure 3), which was significantly higher
(77% promotion) in T1 as compared to the control (T0)
and significantly reduced in T2, but still higher than in T0
(45% promotion). On the other hand, a low concentration
of cadmium (T3) was responsible for nonsignificant
promotion in soluble protein, which became significantly
higher at a high concentration of cadmium (T4). However,
in Azri mung-2006, there was nonsignificant (9% and
2.4%) promotion in protein for both concentrations of
Pb (T1 and T2, respectively), but a significant (39.75%
and 31.67%) promotion in soluble protein when seedlings
were exposed to Cd (T3 and T4, respectively).

SV

df

45.88**

Genotype (A)

4

45.88**

18

1.174

**

**: Significant at P < 0.01.

MS
24 h

72 h

96 h

1

6.518**

1.310 ns

2.279ns

Treatment (B)

4

7.616*

29.458**

37.278**

A×B

4

0.417ns

2.027 ns

4.844**

Error

18

0.201

1.241

1.207

120
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100

a

a

a

a

a

a

b
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c

d
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20
0
Control

Seedling length (cm)

*: Significant at P < 0.05, **: significant at P < 0.01.
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Figure 1. Germination percentage of mung bean genotypes after
treatment with Pb and Cd. Vertical bars represent standard error
(n = 3), and nonsignificant differences are shown by similar
letters among treatments in each genotype.
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Figure 2. Seedling length of mung bean genotypes at 24, 72,
and 96 h after treatment with Pb and Cd. Vertical bars represent
standard error (n = 3), and nonsignificant differences are shown
by similar letters among treatments in each genotype.
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Figure 3. Total protein contents in seedlings of mung bean
genotypes after treatment with Pb and Cd. Vertical bars represent
standard error (n = 3), and nonsignificant differences are shown
by similar letters among treatments in each genotype.

Figure 4. Mean MDA contents of 2 mung bean genotypes after
treatment with Pb and Cd. Vertical bars represent standard error
(n = 3), and nonsignificant differences are shown by similar
letters among treatments in each genotype.

3.4. MDA contents
Genotypes were nonsignificantly different from each
other in regard to MDA contents, while treatments and
interaction possessed significant differences (Table 3).
It was noted that metal stress caused more membrane
damage in a concentration-dependent manner for both
genotypes as estimated by MDA content (Figure 4). It was
further observed that Cd at the highest concentration (T4)
caused more membrane damage as compared to Pb. This
was indicated by high MDA contents for both genotypes,
but the values of MDA were higher in Azri mung-2006
than in NM 19-19 at any treatment (74.32 and 168.72
µmol/mg protein, respectively).

activity was greater in Azri mung-2006 as compared to
NM 19-19 at any treatment.

3.5. Antioxidant enzymes
3.5.1. GPX
ANOVA showed that genotype, treatment, and interaction
were significantly different (Table 3). Both metals caused
induction in GPX activity as compared to the control (T0),
but more promotion was seen at low concentrations for
both genotypes (Figure 5). It was also noticed that GPX

3.5.2. APX
ANOVA (Table 3) showed that genotypes, treatments, and
the interactions between them were significantly different.
When seedlings were treated with low concentrations of
Pb and Cd (T1 and T3, respectively), there was significant
decrease in APX activity, which reduced further at high
concentrations (T2 and T4) in both genotypes (Figure 6).
3.5.3. CAT
ANOVA showed that genotype, treatment, and interaction
were significantly different with respect to CAT activity
(Table 3). Figure 7 shows that there was promotion in
CAT activity in a concentration-dependent manner for
Pb in both genotypes when compared with the control
(T0). However, in the case of Cd, CAT activity increased
when seedlings were treated with a low concentration
(T3) but negligibly increased at a high concentration (T4).
Genotype NM 19-19 revealed 95.42% promotion in Pb
treatment at T1, which significantly increased to 125.42%

Table 3. Mean squares for total soluble proteins, MDA, GPX, APX, and CAT from seedlings of mung bean
genotypes NM 19-19 and Azri mung-2006 after Pb and Cd stress.

SV

df

Genotype (A)

MS
Protein

MDA

GPX

APX

CAT

1

15,413.33**

103.01 ns

868.50**

10.64**

0.00042**

Treatment (B)

4

34,338.75**

17,358.90**

21.64**

21.64**

0.0015**

A×B

4

51,286.25**

6057*

3.575**

3.575**

0.000047*

Error

18

658.42

884.49

13.08

0.01111

1.6E-05

*: Significant at P < 0.05, **: significant at P < 0.01, ns: nonsignificant.
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Figure 5. Specific activity of GPX in seedlings of mung bean
genotypes after treatment with Pb and Cd. Vertical bars represent
standard error (n = 3), and nonsignificant differences are shown
by similar letters among treatments in each genotype.
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Figure 7. Specific activity of CAT in seedlings of mung bean
genotypes after treatment with Pb and Cd. Vertical bars represent
standard error (n = 3), and nonsignificant differences are shown
by similar letters among treatments in each genotype.

in T2. There was 48% promotion in CAT activity in Cd
treatment T3 and 8.75% at a high concentration (T4). A
similar trend was seen for genotype Azri mung-2006, but
the promotion in CAT activity was less than that in NM
19-19 for all treatments.
4. Discussion
The current study showed that the most prominent effect
of Pb and Cd was the stunted growth in a concentrationdependent manner, represented by reduced germination
percentage and seedling length. However, in genotype
NM 19-19, germination was 100%, which suggested its
tolerance to the metal. Our results are in agreement with
the findings of Mahmood et al. (2007), who reported
that barley, rice, and wheat under metal stress showed
decreased germination and seedling length. Similarly,
Kaur et al. (2012b) reported that arsenic decreased the
radicle emergence and growth in P. aureus. Previously,

APX activity ( µmol ascorbate
oxidized /mg protein)

GPX activity ( µmol tetra guaiacol/mg
protein)
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0.3mM Cd

Figure 6. Specific activity of APX in seedlings of mung bean
genotypes after treatment with Pb and Cd. Vertical bars represent
standard error (n = 3), and nonsignificant differences are shown
by similar letters among treatments in each genotype.

Kaur et al. (2012a) also observed a reduction in root
and coleoptile length of wheat under Pb toxicity. Ghani
(2010) also reported a negative effect on shoot and root
length under Cd stress in various varieties of mung bean.
Similarly Mroczek-Zdyrska and Wojcik, (2012) observed
40% reduction in root elongation in Pb-treated Vicia faba
seedlings.
Protein content in metal-treated seedlings of both
genotypes was increased, indicating that heavy metal
stress may induce production of stress proteins (Sanita
di Toppi and Gabbrielli, 1999) including some heat shock
proteins (Namjooyan et al., 2012). It may be suggested
that protein content increased due to de novo synthesis of
stress proteins provoked by metal exposure (Verma and
Dubey, 2003). Several researchers found increased protein
synthesis under metal stress. Dey et al. (2007) observed
that under Pb and Cd stress, wheat seedlings had increased
protein contents. The increase in protein under Pb stress
observed in the present study is in agreement with the
findings of Singh et al. (2011), who reported an increase
in protein in Brassica campestris roots under Pb stress.
Similarly, under cadmium treatment, cucumber seedlings
showed higher protein contents (Gonçalves et al., 2007).
Genotypic variations exhibited more increase in protein
for Pb-treated seedlings of NM 19-19 and Cd-treated
seedlings of Azri mung-2006. Our results are in accordance
with those of Kaur et al. (2012b), who observed increased
protein contents in P . aureus under arsenic stress.
The elevated level of MDA was due to more lipid
peroxidation during metal stress in a concentrationdependent manner. It was suggested that Pb and Cd were
responsible for the generation of free radicals, leading to
membrane damage and lipid peroxidation. Our results
are in agreement with those of Gonçalves et al. (2007),
who observed the increased MDA content in cucumber
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seedlings under Cd stress. Similarly, Dey et al. (2007)
also reported increased MDA contents in wheat seedlings
under Pb and Cd stress. Similarly increased MDA levels
were found in P. aureus under arsenic stress (Kaur et al.,
2012b). There was a 39% increase in MDA content in
Pb-treated Vicia faba seedlings (Mroczek-Zdyrska and
Wojcik, 2012). We observed less membrane damage in
NM 19-19 seedlings treated with T3 and T4 as compared
to Azri mung-2006, indicating that NM 19-19 was more
tolerant to Pb and Cd.
Increased levels of CAT and GPX were observed, which
showed that these were major enzymes in scavenging
cellular H2O2 (Vranova et al., 2002). We observed increased
CAT activity at a low Cd concentration and reduced activity
at a high Cd concentration. El-Beltagi et al. (2010) found
the same results in radish. These enzymes are regarded as
bioindicators of heavy metal toxicity and play important
roles in scavenging ROS like H2O2 to reduce oxidative
damage. In tobacco, the activity of CAT increased during
continuous exposure to Cu, Cd, and Pb (Cvetanovska et
al., 2010). Our results showed that the activity of APX
was reduced under Pb and Cd stress, which could be due
to its inhibition by these metals, as supported by Das et
al. (1997), who reported that Cd is a known inhibitor of
enzymes. Our results also support the findings of Dey et al.
(2007), who reported almost complete loss of APX activity

in pine roots. Low activity of the APX enzyme showed poor
activity of the H2O2 scavenging system, whereas increased
activity of antioxidant enzymes is the reflection of metal
tolerance. These findings revealed the importance of the
antioxidant enzymes in response to Pb and Cd toxicity in
mung bean seedlings.
The performance of 2 mung bean genotypes under Pb
and Cd stress revealed that the effect of Cd was greater
than the effect of Pb. This suggested that Cd was a potential
enzyme inhibitor as compared to Pb. MDA, GPX, and
APX reduced germination percentages. Restricted growth
was observed in Azri mung-2006 as compared to NM
19-19 under metal stress, indicating that Azri mung2006 was a metal-sensitive genotype and NM 19-19
was metal-tolerant. This was supported by Kuo and Kao
(2004), who reported that Cd treatment to rice seedlings
caused an increase in MDA and antioxidant enzymes in
sensitive genotypes but not in tolerant genotypes. In this
research we concluded that Cd and Pb are important
environmental pollutants that adversely affect plant growth
and biochemical activities. The enhanced levels of MDA
contents and antioxidant enzymes proved this point. These
were used as bioindicators of metal toxicity. Cd imposed a
more deleterious effect than Pb and genotype NM 19-19
was more metal-tolerant than Azri mung-2006.
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